
ANNUAL RE P 0 RT S 
ON T H E  

PROGRESS O F  CHEMISTRY. 

GEKERAL AND PHYSICAL CHEMISTRY. 

IN accordance with the practice followed by previous writers, the 
present Report deals only with certain selected topics. The work 
under review covers a considerable number of papers published 
in Continental journals during the second half of 1914, and, in 
these circumstances, the volume of original research falling within 
the scope of this Report is probably not! less, but appreciably 
greater, than the average of recent years. Lack of space is alone 
responsible f o r  the omission of any reference t o  many interesting 
and important papers. 

A tomic Structure and Line Spectra. 

The success achieved by Bohr in the explanation of the series 
spectra of hydrogen and helium by application of the quantum 
hypothesis to Rutherford’s model of the atom was described in last 
year’s Report.1 I n  view of bhis development of the theory of atomic 
structure, which in a more recent paper2 has been shown t o  offer 
an interpretation of the results obtained by Stark3 f o r  the effect 
of an electrical field on the hydrogen spectrum, of the relations 
exhibited by the high-frequency spectra of the elements, and of 
the minimum voltages required to  produce spectral lines (see 
p. a), the spectra of hydrogen and helium have acquired a very 
special interest, and various problems relating to the emission 
spectra of these elements have been examined. The difficulty of 
differentiating between the lines of the two elements has led t o  
much confusion, which is mainly due to the fact that  the helium 

Ann. Report, 1914, 6 .  
N. Bohr, Phi l  Mag., 1915, [vi], 30, 394; A., ii, 682. 
J. Stark, Sitzungsber. K .  Akad. Wiss. Berlin, 1913, 932; A. 1914, ii, 2. 

REP.-VOL. XII. B 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Pi
tts

bu
rg

h 
on

 2
2/

10
/2

01
4 

01
:5

4:
56

. 
View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/ar9151200001
http://pubs.rsc.org/en/journals/journal/AR
http://pubs.rsc.org/en/journals/journal/AR?issueid=AR1915_12_0


2 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

spectrum usually shows the hydrogen lines. Under suitable condi- 
tions the hydrogen lines can be, eliminated, and as the result of 
accurate measurements4 in such a helium spectrum, it has been 
shown that the series spectrum of hydrogen consists only of lines 
which are given by v = 109704(1 /n12 - 1 /n22) ,  and that the series 
spectrum of helium consists, in addition to the ordinary helium 
lines, of all the lines represented by 

This series includes both the Pickering lines and the helium lines 
predicted by Bohr on the basis of his theory of the constitution 
of the helium atom. 

The difference between the Balmer series of hydrogen lines and 
the series represented by the second formula is brought out in a 
very striking manner by some recent experiments 6 on the minimum 
voltage which is necessary for the production of spectral lines. 
Whilst about 13 volts suffice for  the excitation of the Balmer 
series, it has been found that about 80 volts are required to excite 
the second series. These voltages agree closely6 with the values, 
which, according to Bohr’s theory, are required f o r  the removal 
of the electron from the hydrogen atom and of the two electrons 
from the helium atom, namely, 13.6 and 81.3 volts respectively. 

Very exact measurements 7 of the wavelengths of the first six lines 
of the hydrogen series have shown that these cannot be exactly 
represented by Balmer’s formula. It follows that Bohr’s theory 
does not give a complete account of the spectral relations of the 
hydrogen atom, and some interesting attempts have been made to 
account for  the discrepancy. The supposition that the nucleus 
or core of the atom gives rise to a magnetic field equivalent to that 
set up by five (or six) magnetons is said8 to yield results which are 
in agreement with the observations of Curtis. This hypothesis is 
criticised by Bohr,9 who considers that  the doubling of the hydro- 
gen lines makes it almost impossible to place any definite inter- 
pretation on such small differences as are actually involved in 
the comparison between experiment and the Balmer formula. Since 
the components of the doublets axe of unequal intensity, and the 
distance between the components is much greater than the devia- 
tions from the requirements of the formula in question, arguments 
which are based on the measurement of the ‘‘ centre of gravity ” of 

4 E. J. Evans, Phil. Mug., 1915, [vi], 29, 254; A. ,  ii, 7 7 ;  J. Stark and 
G. Wendt, Ann. Physik, 1914, [iv], 43, 983; A., 1914, ii, 314. 

v = 109750(1/ ( ~ ~ q 1 2 ) ~  - 1 / ( T L J ~ ) ~ ) .  

Rau, Ber. Deut. physikal. Ges., 1914, 16, 468. 
N. Bohr, Phil. Mug., 1915, [vi], 30, 394; A., ii, 682. 

’ W. E. Curtis, Proc. Roy.  SOC., 1914, [ A ]  90, 605; A. ,  1914, ii, 761. 
* H. S. Allen, Phil. Mag., 1915, [vi], 29, 40, 140; A , ,  ii, 33; ibid., 1915, 

[vil, 29, 714; A . ,  ii, 439. 9 N. Bohr, ibid., 332; A.,  ii, 92. 
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GEKERAL AND PHYSICAL CHEMISTRY. 3 

the linee, cannot carry great weight. It is suggested that the 
doubling may be due to slight ellipticity of the orbits of the 
electron. 

Spectra of illetallic Vnpours. 

Many difficulties have t o  be surmounted before the principles 
underlying Bohr's theory can be applied to  the deduction of the 
spectra of elements of higher atomic weight. Much progress has 
been made, however, in the experimental investigation of line 
spectra, and in various ways evidence has been obtained which 
shows that different line series are attributable t o  different carriers 
o r  centres. I n  some cases it has been possible to determine the 
nature of these centres and the conditions which give rise to the 
characteristic radiations. 

The fact that  the vapours of certain metals (mercury, cadmium, 
zinc) give rise under certain conditions to  spectra which consist of 
a single line would seem to be of very special significance. The 
wave-lengths of these lines are A 2536.72 f o r  mercury, A 3260.17 for  
cadmium, and h3075.99 f o r  zinc. The emission of these single-line 
spectra occurs when the vapours of the metals are traversed by 
electrons the energy of which falls between definite limits. Accord- 
ing to J. C. McLennan and J. P. Henderson,lo the single line 
spectra are replaced by multipleline spectra, when the arcing 
potentials exceed 12.5 volts in the case of mercury, 15.3 volts for 
cadmium, and 11.85 volts for zinc. The lower limiting values of 
potential which give rise to  the single-line spectra correspond in 
all probability with the minimum ionisation potentials, and in the 
case of mercury it has been shown by J. Franck and G.  Hertz11 
that the minimum potential (4.9 volts) is almost identical with 
that calculated from the frequency of the single-line emission on 
the basis of the quantum theory. Corresponding dat'a f o r  cadmium 
and zinc are not yet available, but the agreement between the 
observed and calculated ionisation potentials in the case of mercury 
cannot be regarded as accidental, and further evidence is thereby 
obtained in support of the quantum theory in its application to 
radiation phenomena. 

If an arc discharge is passed through the vapours of metals in 
the course of distillation, the excited luminosity remains visible f o r  
an appreciable time after the vapour has left the region of the 
arc. Experiments 12 with the vapours of mercury, sodium, potass- 
ium, calcium, magnesium, zinc, cadmium, and thallium have shown 

l o  Proc. Roy. SOC., 1915, [A],  91, 485; A.,  ii, 657. 
11 Ber. Deut. physikal. Ges., 1914, 16, 457; A., 1014, ii, 515. 
l2 (Hon.) R. J.Strutt, Proc. Roy. SOC., 1913, [ A ] ,  88, 110; A . ,  1913,ii7279; 

i b id . ,  [A],  90, 364; A. ,  1914, ii, 599; ibid., 1914, [ A ] ,  91, 92; A., ii, 41. 
B 2  
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4 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

that  the line spectra are completely extinguished when the luminous 
jet of vapour is passed tlirougli a negatively electrified net, indicat- 
ing that the luminous centres are positively charged ions. I n  some 
cases (sodium, magnesium, zinc) the lines of one series are more 
readily extinguished than those of another. I n  this way i t  has 
been shown, for example, that  the centres of emission of the sub- 
ordinate series of sodium lines an3 not identical with those which 
give rise t o  the D line. It has not been possible as yet 'to identify 
the carriers of the line series, and in the light of observations on 
sodium vapour, in which the luminosity excited by electric dis- 
charge has been compared with that excited by the radiation from 
a sodium flame, it would seem that the relations are somewhat 
involved. The persistence of the electrically excited luminosity is 
much greater than that of the fluorescent emission. On the other 
hand, this marked difference in persistence is not observed with 
mercury vapour when this is subjected to  the  action of these two 
exciting agents. 

It has been known for some time that sodium vapous excited 
by U-light emits rays of the same frequency, and it has now been 
shown13 that excitation by the second member of the principal 
series of lines (A 3303) also gives rise to the lateral emission of the 
D-line. I n  these circumstarrces there is no measurable radiation 
of ultraviolet light of the exciting frequency o r  of the lines of the 
subordinate series. If the less refrangible component of the A3303 
doublet is used as the exciting source, both the D-lines are 
emitted in approximately the same intensity, This is rather 
remarkable in view of the fact that no emission of D, is observed 
when sodium vapour is stimulated by D2.14 

The elucidation of the nature of the centres of emission respons- 
ible for the different spectra given by an element under different 
conditions has been one of the chief objects of a detailed study of 
canal-ray specha by J. Stark and his collaborators in experiments 
which have been carried on for  a number of years.15 The high 
velocity of the canal rays gives rise to a Doppler effect, and the 
study of this in relation to the electrical conditions of the dis- 
charge affords a means of differentiating between the charged 
carriers of the luminosity. The absence of a Doppler effect in any 
series of lines is considered to show that the emission centres 
consist of electrically neutral particles. To take the case of helium, 
which is of special interest in view of the fact that the two distinct 

13 (Hon.) R. J. Strutt, Proc. Roy.  SOC., 1915, [ A ] ,  91, 388; A., ii, 399. 
14 R. W. Wood and L. Dunoyer, Phil. Mag., 1914, [vi], 27, 1018. 
15 Compare J. Stark, Physikal. Zeitsch., 1913, 14, 1012; A., 1913, ii, 172; 

J. Stark, G. Wendt, and M. Kirschbaum, ibid. ,  1913,14, 770; A.,  1913, ii, 813; 
J. Stark and R. Kunzer, Ann. Physik., 1914, [iv], 45, 29;  A.,  ii, 202. 
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GENERAL AND PHYSICAL CHEMISTRY. 5 

groups of line series were at' one time116 attributed t o  two different 
elements, i t  has been shown that the principal and the two subsi- 
diary series of doublets are due to helium atoms with a single 
positive charge, whilst the principal and subsidiary series of 
simple lines are to  be attributed to  helium atoms with a double 
charge. 

I n  general, the observations on canal-ray spectra show that  the 
distinction, which is usua.lly made between the arc and spark lines 
of an element, corresponds with a real difference in origin, in that  
the arc lines are due to particles which carry a single charge and 
move relatively slowly in an electrical field, whereas the spark 
lines are due t o  multivalent ions of re'latively greater speed.17 The 
results obtained by this method of analysis are f o r  the must part 
in agreement with those furnished by Thornson's method 18 of 
electromagnetic analysis. 

The luminosity resulting from t\he bombardment of gases by 
cathode rays has been found to vary in the sense that the colour 
of the emitted light changes from bluet to  red when the speed 
of the cathode rays is reduced.19 This method of experiment has 
been applied successfully in the investigation of the conditions which 
give rise to the emission of banded spectra by different gases.20 

A simple method of obtaining the glow discharge through 
metallic vapours has been described,21 and observations made with 
this apparatus show the1 existence of a close similarity between the 
negative glow and the spark spectrum on the onel hand, and between 
the positive glow and the arc spectrum on the other. 

Absorp t i~n  Spectra. 
The study of absorption spectra continues to, attract a great deal 

of attention. Much of this work has been directed to the deter- 
mination of the influence of substitution in the benzene ring,22 and 
to the elucidation of the structure of organic compounds,23 but 
solutions of inorganic substances have also been exarnined.24 

16 C. Runge and F. Paschen, Phil. Mag., 1895, [ii], 4.0, 297; A., 1896, ii, 1. 
17 J. Stark, Physilcal. Zeitsch., 1913, 14, 961 ; A . ,  1913, ii, 1103. 
18 (Sir) J. J. Thomson, Phil. Mag., 1912, [vi], 24, 209; A. ,  1912, ii, 885. 
19 E. Gehrcke and R. Seeliger, Ber. Deut. phye ikd .  Ges., 1912, 14, 335; 

20 R. Seeliger, Physikal. Zeitsch., 1915, 16, 55;  A . ,  ii, 117. 
21 L. Janicki and R. Seeliger, Ann. Physik.. 1914, [iv], 44, 1151; &4.,ii7 195. 
22 Compare J. E. Purvis, T., 1915, 107, 496; A . ,  ii, 299; T., 1915, 107, 966, 

23 N. A. Waliaschko and Miss M. V. Roltina, , J .  Rms.  Ph?js. Chenz. Soc., 

24 C. S. Garrett, T., 1915, 107, 1324; A . ,  ii, 714; K. Schaefer, H. Nigge- 

A., 1912, ii, 517. 

A. ,  ii, 607. 

1914, 46, 1741, 1780, 1788, 1822; A.,  ii, 303-398. 

mann, and W. Kohler, Zeitsch. Elektrochem., 1915,21, 181 ; A., ii, 389. 
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6 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

F o r  the most part, use is made of the Hartley-Baly method, 
absorption curves being plotted from the photographic records so 
as to  show the position and depth of the selective absorption bands. 
Greater interest attaches to observations in which the absorption 
curves are based on spectro-photometric measurement of the 
extinction-coefficients, and i t  is satisfactory to  note that such deter- 
minations form the basis of a. considerable proportion of the more 
recent work on absorption spectra. 

It was at one time stpposed that  the aliphatic ketones show 
the same selective absorption band, that  the persistence of this 
varies from one ketone t o  another, and that there is a connexion 
between the persistence of the characteristic band and the reac- 
tivity of the ketone. Thisview h-as been shown t o  h en€irely errone- 
ous, and the further investigation of the absorption spectra of these 
ketones, carefully purified by conversion into the sodium hydrogen 
sulphite compounds or the semicarbazones, has shown25 that the 
centre of the absorption bands is not invariable, but varies appre- 
ciably according t o  the number of methyl groups which are present 
in the a- and P-positions relative to the carbonyl group. The 
molecular extinction-coefficient has, however, the same value for 
twelve out of the fifteen ketones examined. The spectral relations 
thus brought to light differ entirely from those indicated by earlier 
observations, and although the divergence may bO partly attribut- 
able to the greater purity of the materials used in the later 
experiments, i t  seems probable that  the transition from more or  
less qualitative to quantitative methods of measuring the absorption 
is largely responsible f o r  the difference' in the results. 

By comparison of the extinction curves of twenty-two mono- 
substituted benzene derivatives it has been shown26 that the reac- 
tivity of these compoands is reflected in a general way in the 
absorption spectra. With three exceptions, those compounds which 
give meta-di~ubstit~uted derivatives show absorption bands of very 
small persistence, whilst those which give ortho- and para-disubsti- 
tution products exhibit deep bands of large persistence. It would 
therefore seem possible t o  anticipate ths  result of further substitu- 
tion in the benzene ring by an examination of the absorption of 
the mono-substituted derivakive. 

Up t o  the present, the absorption spectra of compounds have 
afforded no evidence of exact numerical relations comparable with 
those which are exhibited by the series lines in the emission spectra 
of the elements. That regularities of a simple character do exist 

25 F. 0. Rice, Proc. Roy. Soc., 1914, [ A ] ,  91, 76;  A . ,  ii, 35. 
p6 E. C. C. Baly and F. G. Tryhorn, T., 1915, 107, 1058; A . ,  ii, 606. 
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GENERAL AND PHYSICAL CHEMISTRY. 7 

is shown by recent observations of Baly and his co-workers.27 
According to these results, the frequencies of the centres of the 
absorption bands of a given compound are integral multiples of a 
fundamental frequency in the short-wave ultra-red. By applica- 
tion of the quantum hypothesis to the phenomena of absorption 
and fluorescence the conclusion is drawn that if vo is the funda- 
mental frequency, energy can also be absorbed (or emitted) a t  the 
frequencies vl, v2, v3 . . ., where Y ~ ,  vP, v3, . . . are successive integral 
multiples of vo. I f  m and m+n are integers and v, and vm+n the 
corresponding frequencies, then vo may be derived from the equa- 
tion vo = (vm+ - vm) In. 

The available evidence is apparently favourable t o  this theory, 
although i t  would seem necessary to assume that there are two or 
more fundamental frequencies in order to account for the spectra 
which have been examined up to the present.28 The assumption of 
two o r  more characteristic constants aff ords an explanation of the 
fact that certain bands are of much greater intensity than others, 
in that  specially marked absorption is to be expected when the 
frequency is either an even multiple of the several fundamental 
frequencies or represents the least common multiple of these 
numbers. By way of criticism, i t  may be urged that the multi- 
plication of fundamental frequencies in the infra-red will ultimately 
lead to such a large number of multiple frequencies in the ultra- 
violet, that  ultra-violet absorption )of any desired wave-length 
may be approximately represented in tmms of the theory. 

I n  actual practice, the absorption of most substances can only be 
examined in solution, and the relations between the frequencies of 
the absorption bands are not so simple, for  the position of these 
btands is to some extent dependent on the nature of the solvent and 
the concentration of the solution. It is only when the molecules of 
a substance are unacted on by other molecules, as when the sub- 
stance is in the form of vapour, that  the above frequency relations 
can be considered as exact. 

The displacement of the absorption bands of a substance under 
the influence of a solvent was f o r  some time supposed to b0 
connected with the refractive index of the medium (Kundt's rule). 
This view is, however, quite untenable, and according to Baly the 
observed shifts of the absorption bands are causally related to  
the displacement of the fundamental vibration which is deter- 
mined by the relative affinity between solute and solvent. The 
evidence a t  present available29 indicates that  when a solvent is 

27 E. C. C. Baly, Phil. Mag. ,  1914, [vi], 27, 632; A . ,  1014, ii, 318; ibid. ,  
1915, [vi], 29, 223; A . ,  ii, 77. 28 E. C. C. Baly, ibid.,1915,30,510; A., i i ,  714. 

z9 E. C. C. Baly and F. G. Tryhorn, T., 1915,107, 1121 ; A . ,  ii, 605. 
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8 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

added in gradually increasing quantity to a given substance its 
absorption bands are displaced a t  first towards the red until a 
minimum frequency is reached. Further dilution brings about a 
progressive shift of the centres of the absorption bands towards 
shorter wave-lengths until a t  great dilution a maximum frequency 
is attained, which is identical with the frequency cliaracteristic 
of the substance in the state of vapour. 

The possibility of locating the absorption bands of organic 
substances has also been discussed from an entirely different point 
of view.30 It is assumed that  the absorption is due t o  the valency 
electrons which move in circular orbits sound a central nucleus, 
the radii of the orbits depending on the mode of combination of 
the atoms in the molecule. Mutual interaction between the various 
electrons will take place, and the location of absorption bands is 
consequently reduced to  compounding such actions in accordance 
with the principles of mutual induction. By the application of 
this method it has been possible t o  locate the position of the 
absorption bands in a variety of orga.nic substances. 

Molecular Complexity of P w e  Liquids. 

?he significance to be attached t o  t h s  temperature-coefficient of 
the molecular surface energy of a liquid has undergone appre- 
ciable alteration since attention was first directed to  this factor 
by Eotvos and by Ramsay and Shields. It is now generally admitted 
that  the constancy of the temperature-coefficient, and not its 
absolute value, is the essential characteristic of normal liquids or 
of liquids the complexity of which is independent of the tempera- 
ture. I n  general, for  such liquids the coefficient decreases slightly 
with rise of temperature. 

Attention has been recently drawn3l to the fuiictiort 
(y  - t . d y / d t ) ( M v ) $ ,  which represents the total molecular surface 
energy and, for  liquids previously recognised as normal, has a 
nearly constant value over a range of temperature that  extends 
almost to the critical temperature. On the other hand, for asso- 
ciated substances, like water and the alcohols, the association of 
which varies with the temperature, the toCal molecular surf ace 
energy increases rapidly and continuously with rise of tempera- 
ture. I n  regard t o  the1 relation between the total and free 
molecular surface energy, y(Mv)g,  i t  is obvious that this follows a t  
once from the Helmholtz equation, .4 - C = t d A / d t .  

A redetermination 32 of the surface tension of acetic acid between 

30 N. P. McCleland. Phil. Mag. ,  1925, [\Ti], 29, 192;  A . ,  ii, 34. 
31 G. M. Bennett and A. D. Mitchell, Zeitsch. physikal. Chem., 1913, 84, 475 ; 

A . ,  1913, ii, 927. 32 G. M. Bennett, T., 1915, 107, 351;  A . ,  i, 212. 
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GENERAL AND PHYSICAL CHEMISTRY. 0 

1 5 O  and 150° has shown t h a t  t he  temperature-coefficient of the free 
surface energy falls slightly with rise of temperature, and tha t  
the total surface energy remains nearly constant. I t s  behaviour 
resembles closely tha t  of a normal liquid, and the  conclusion is 
drawn tha t  it consists a t  all temperatures exclusively of molecules 
of the formula (CH,*CO,H),. The evidence afforded by other 
criteria is not inconsistent with this view. 

Reference may here be made to a n  extensive series of measure- 
ments of the surface tensions of homologous series of organic com- 
pounds and of fused inorganic salts,33 which cover a wide range of 
temperature. 

Binayy Liqiricl illixtzcrcs. 

The question of t he  interpretation of property-cornpsition curves 
is f a r  from being settled. Comparison of the freezing point and 
viscosity curve6 tha t  the formation of solid compounds is 
not always accompanied by viscosity maxima (or minima), although 
pairs of substances which form a compound in the  solid state 
occasionally exhibit a corresponding maxima on the viscosity- 
composition curve. The liquid mixture for which the  observed 
viscosity shows a maximum deviation from the  requirements of the 
simple mixture rule also differs very frequently from the composi- 
tion of tlie compound, which is indicated by freezing-point measure- 
m e n t ~ . ~ 5  Formamide, for example, forms the  solid compound 
H.CO*NH,,H,O with water, bu t  the maximum deviation occurs a t  
40 mols. per cent. of formamide. Wi th  acetic acid it forms tlie 
solid cornpound H*CO-NH,,2CH3*CO,H, whereas the maximum 
deviation is found a t  50 mols. per cent. of formamide. Further- 
more, it may be noted t h a t  ethyl alcohol and water form no definite 
compound according to freezing-point measurements,36 although 
mixtures of these liquids yield a viscosity-composition curve with a 
very strongly developed maximum, and both the  viscosity and 
specific volume curves sliow maximum deviation from the  mixture 
rule a t  the composition C,H60,3H,0. The composition corre- 
sponding with this maximum deviation is, moreover, independent 
of the temperature over a considerable range. 

I n  comparing freezing points with other properties of liquid 

33 I?. M. Jtwger, Proc. K .  d k a d .  Weteiasch. Amsterdam, 1914, 17, 329; A . ,  
1914, ii, 805; F. M. Jaegerand M. J. Smit, i b id . ,  1914, 17, 365; A. ,  1914, ii, 
805; F. M. Jaeger and J. Kahn, ibid. ,  1915,18, 269; A . ,  ii, 747. 

34 I. Kurnakov, I). Krotkov,and M. Olrsman, J. Russ. Phys. Chem. SOC., 
1915, 47, 558; A. ,  ii, 524. 

3 5  S. English and W. E. S. Turner, T., 1915, 107, 774; A . ,  ii, 525. 
36 N. A.  Piischin and (Miss) .4. A. Glagoleva, J. Russ. Phys. Chew. BOC., 

1915, 47, 100; A . ,  ii, 243. 
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10 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

mixtures it should, however, be remembered that differences in the 
temperatures involved may be to some extmt responsible for the 
apparent discrepancies, in that  compounds which exist in the 
liquid mixture in the neighbourhood of the freezing point may 
dissociate very rapidly as the temperature rises. 

Molecular Kinetics. 

I n  view of the fact that  recent observations lend considerable 
support to tlie view that  tlie molecules are r e d  physical entities, the 
investigatioa of the mechanism of processes which involve the 
exchange of molecules a t  boundary surf aces has acquired new 
interest'. Such processes are evaporation, sublimation, dissolution, 
and crystallisation. By applying the kinetic theory to  the 
molecular exchange a t  the surface of contact between a liquid 
(or solid) and its vapour, i t  can be shown37 that the maximum 
rate of evaporation in a vacuum, as measured by the rate of change 
in the level of the surface of the liquid or solid, is given by the 
formula V = k .  d N / T .  ( P - p ) / d ,  in which P is the vapour 
pressure a t  temperature T, y the actual pressure of the vapour, 
111 the molecular weight of the substance, d its density, and k a 
constant = 4-38 x 10-5. This maximum rat'e corresponds with the 
total number of molecules which impinge on the liquid surface in 
unit time. 

Actual measurements of the rate of evaporation have given 
much smaller values, and from this it is inferred that only a 
fraction of the molecules which impinge on the surface of the 
liquid are absorbed. If v is the observed rate of evaporation, then 
JT = Tr/v represents t.he ratio of the total number of moleculeswhich 
come into contact with the surface to the number which are 
absorbed. It is remarkable that N decreases rapidly with rise of 
temperature-for nitrobenzene from 15 a t  40° to 4 at 65O, for 
naphthalene from 28 a t  40° to 7.4 a t  70°, and for iodine from 
18 a t  40° to 4.8 a t  70°. The extent to which the results are 
vitiated by differences between the temperature of the liquid surface 
and that  of tlie surroundings is difficult t o  mtimate, but  the author 
is of the opinion that the temperature effect is definitely estab- 
lished. 

The investigation of the molecular exchange a t  solid-liquid 
boundary surfaces in thermodynamic equilibrium has been rendered 
possible by an ingenieus device:* which consists in the addition to 
the liquid or solid phase of a minute quantity of a radioactive 
substance isotopic with the substance under examination. By 

s7 R. Marcelin, Ann. Physique, 1915, [ix], 3, 185; A., ii, 328. 
38 G. von Hevesy, Physikal. Zeitsch., 1915, 16, 5 2 ;  A . ,  ii, 156. 
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GENERAL AND PHYSICAL CHEMISTRY. 11 

impregnating crystals of lead chloride with thorium-B and measur- 
ing the radioactivity of the solution after measured intervals of 
time, data have been obtained which afford a measure of the rate 
of exchange of molecules a t  the surface of lead chloride in contact 
with its saturated aqueous solution. Radioactive isotopes have also 
been used 39 in the investigation of the phenomenon of dissolution 
of solids in liquids when the thickness of the layer of solid is of 
molecular dimensions. The process appears to be governed by 
the same laws which have been shown to apply in the dissolution 
of ordinary solids. 

The I'ernperature-coefficient of Chew ical Chunge. 

The difficulties associated with the explanation of the high value 
of the temperature-coefficient of chemical reaction in terms of the 
kinetic theory are too well known to need any introductory refer- 
ence to the points a t  issue. The hypothesis that  there are two 
kinds of molecules, active and inactive, and that  the observed 
change in the velocity of reaction is mainly due to the displacement 
of the equilibrium between the two molecular species, has never 
met with a very favourable reception. It is now suggested40 that 
the active molecules are those which have a total energy-content 
equal to or greater than a certain limiting value. This limiting 
value represents the critical energy, and the difference E between 
the critical energy and the average energy of the molecules deter- 
mines the influence of temperature on the velocity of reaction k 
in accordance with the equation dlogk/dT=E/RT2, which is of 
the same form as the equation given by Arrhenius. 

The connexion between velocity of reaction and temperature has 
also been discussed by Sutton,41 who, on the basis of the mass law 
and a thermodynamic relation given by Gibbs and Planck, arrives 
a t  an expression f o r  the velocity of reaction from which it would 
appear that  the number of effective collisions between the reacting 
molecules varies with the temperature 8 according to some, function 
which involves e - A I Q ,  where A is a constant. The mechanism con- 
sistent with this is limited t o  two alternatives: (1) that reacting 
molecules must collide with a relative velocity of approach which 
exceeds a certain limiting value, (2) that  reaction is limited to 
molecules with velocities between limits u and u+6u. The fact that  
unimolecular reactions are influenced by change of temperature t o  
the same extent as reactions of higher order suggests that  the 

39 G. von Hevesy, and Miss E. Rona, Zeitsch. physikal. Ghem., 1916, 89, 
294 ; A., ii, 247. 

40 R. Marcelin, Ann. Physique, 1915, [ix], 3, 120; A. ,  ii, 328. 
41 T. C. Sutton, Phil. Mag., 1914, [vi], 28, 798; A., ii, 14. 
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12 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

molecules concerned owe their reactivity to collisions between atoms 
in the molecule which satisfy one' o r  other of these conditions. 

Soret's Phenomenon. 

If two portions of the same solution are maintained a t  different 
temperatures, some of the dissolved substance diffuses from the 
hot to the cold solution, as was first observed by Soret. This is 
in agreement with the osmotic theory, according to which the ratio 
of the concentrations of the hot and cold solutions, when equili- 
brium is attained, should be in the inverse ratio of the absolute 
temperatures. Many difficult'ies are met with in the quantitative 
investigation of this phenosmenon, and previous experiments of 
Arrhenius42 led to no very conclusive result, except in so far as 
they showed that  the results anticipated by theory were seldom 
realked in practice. I n  a series of new experimentat3 a considerable 
improvement of technique has been realised, in that the length of 
the columns of the hot and cold solutions was reduced from 15 cm. 
to 1.5 cm., resulting in a large reduction of the time required for 
the attainment of equilibrium. 

The results obtained with this apparatus show that the ratio of 
the equilibrium concentrations varies with the concentration of the 
original solution. Sometimes the observed ratio is greater than 
the theoretical, but decreases with falling concentration. This 
behaviour is shown by sodium hydroxide, copper sulphate, and 
antipyrine. On the other hand, f o r  sodium chloride, sucrose, and 
glycerol the observed is less than the theoretical ratio, and increases 
with falling concentration. By extrapolation t o  zero concentration 
a limiting value of the ratio is obtained, which sometimes, although 
by no means generally, approximates fairly closely to the theoreti- 
cal ratio. The most remarkable result of these experiments, how- 
ever, is afforded by the observations made with aqueous solutions 
of ethyl alcohol, acetone, boric acid, and aniline, for these lead 
to the conclusion that the temperature-gradient has no influence 
on the spacial distribution of these subst'ances in dilute solution. 

The above facts indicate that diffusion across the temperature- 
gradient is not, as a rule, solely determined by osmotic forces. On 
the assumption that  the movements of the molecules are of the 
Brownian type, i t  is shown44 that ithe distribution of the solute 
between the hot and cold layers should be given by the equation 
c / d =  &zc/T'/zcT, in which u and UI are the mobilities of the 
molecules of solute a t  temperatures T and TI, and c and C I  are the 

42 Ofersigt 6fver Kongl. Vetensk. Flirh., 1893, 61. 
43 T. Wereide, Ann. Physique, 1914, [ix], 2, 55;  A., ii, 150. 
44 T. Wereide, ibid., 67;  A.,  ii, 151. 
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GENERAL A N D  PHYSICAL CHERIISTRY. 13 

corresponding concentrations. This hypothesis leads t o  the further 
conclusion that c j d  will tend towards unity as the mobility of the 
solute molecules approximates to that of the molecules of the 
solvent. If, in general, both types of diffusion occur, it is possible 
to give an explanation of the behaviour of all the substances 
examined. 

Colloidal Solutiotw : Emtclsions. 

It has long been the custom t o  speak of positive or  negative 
colloids according tot whether the colloidal particles move towards 
the cathode or the anode. Certain colloids, such as platinum and 
arsenious sulphide, are regarded as typically negative, whilst ferric 
hydroxide affords an example of a typical positive colloid. It 
is a well known fact that  colloidal platinum becomes positive in a 
dilute solution of ferric chloride, but this change in character has 
been explained by the assumption that  the metal particles become 
coated with positive ferric hydroxide formed by hydrolysis of the 
ferric chloride. 

Recent observations on colloidal ferric hydroxide 45 show that it 
may be obtained either as a positive or negative colloid, and that 
the sign of the electrical charge is determined by the environment 
of the colloidal particles a t  birt-h. Colloidal solutions of the hydr- 
oxides of the multivalent metals are usually prepared by dialysis 
of the corresponding salt solutions. and in these circumstances 
adsorption of the metallic ions confers a positive charge on the 
particles. I f ,  however, a dilute solution of ferric chloride is run 
slowly into a slight excess of a dilute solution of alkali hydroxide 
with constant shaking, a stable colloidal solution is obtained in 
which the particles of ferric hydroxide are negatively charged. 
The charge in this case is attributed to the adsorption of hydroxyl 
ions from the alkaline solution. It would thus seen1 that  the ionic 
atmosphere is of fundamental importance in determining the 
electrical character, and therefore the general properties, of the 
colloid. 

Whether pure colloidal solutions have a measurable electrical 
conductivity or whether the observed conductivity is to  be attri- 
buted to the presence of traces of foreign electrolytes is a matter 
which has been the subject of much discussion. It is known that  
the mobility of colloid particles is of the same order of magnitude 
as that  of the ions, and if  Stokes’s law is applicable to the motion 
of the colloid particles in an electrical field, it may be shown46 that 
the maximum charge of a colloidal particle must be proportional 
to its radius. I f ,  now, the same quantity of a metal is present in 

45 F. Powis, T., 1915, 107, 818; A . ,  ii, 567. 
46 H. Nordensen, Kolloid Zeitsch., 1915,16, 6 5 ;  A., i i ,  306. 
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14 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

two solutions, the one containing colloidal particles and the other 
metallic ions, it follows that the conduct'ance due to the metal 
will vary inversely as the square of the radius of the conducting 
particles. From this relation it is possible t o  calculate the conduc- 
tivity of a colloid in terms of its concentration and the size of the 
colloid particles. According to  the values thus obtained, it is 
apparent that  the conductance due to particles of average size is 
negligibly small, and that the relatively high values recorded for 
the conductivity of colloids by several obse.rvers art3 in all proba- 
bility to be attributed to  the presence of small quantities of 
electrolytes. 

The conditions determining the stability and coagulation of oil 
emulsions form the subject of several recent papers. It has been 
found 47 that  the difference of potential a t  the oil-water interface 
is of the same order of magnitude as the contact potential shown 
by suspended particles of colloidal metals, lycopodium, quartz, 
glass, etc. It varies from 0.02 to about 0.05 volt. On the addition 
of electrolytes, the stability of the emulsions and the contact 
potential both undergo alterations, the stability being greatest 
when the contact potential is a maximum. I n  agreement with 
Hardy's theory, it is usually assumed that the stability reaches a 
minimum when the contact potential vanishes, and that  the com- 
plete disappearance of the difference of potential a t  the surface 
of the emulsoid or  suspensoid particles (isoelectric point) is the 
immediate cause of coagulation. This view is, however, no t  con- 
sistent with the1 most recent observations.48 These show that  there 
is a critical value of t'he contact potential (k0.03 volt), and if, in 
consequence of the addition of electrolytes, the potential difference 
falls below the critical value, coagulation takes place, the rats of 
coagulation being nearly independent of the potential. The relative 
quantities of uni-, bi-, ter-, and quadri-valent cations (potassium, 
barium, aluminium, and thorium chlorides were added t o  a paraffin 
oil elmuIsion) required t o  produce rapid coagulation are much more 
nearly equal to the quantities required for the setting up of the 
critical potential than to  those which correspond with zero 
potential. 

There appears to be some doubt as to the method which should 
be employed in the measurement of the coagulating power of 
electrolytes. Two papers 49 dealing with this question may be 
noted, From these it would seem that  different electrolytes may 

47 R. Ellis, Zeitsch. physikal. Chern., 1911, 78,  321; rl., 1012, ii, 13; ibid., 
1912, 80, 597; A . ,  1912, ii, 1036. 

48 F. Powis, ibid., 1914,89, 91, 179, 186; A . , i i ,  137, 183. 
49 0. Hauser and A. Lewite, Kolloicl Zeitsch., 1915, 16, 3 3 ;  --I., ii, 322; 

H. Freundlich, ibid., 1915, 16, 36; A . ,  ii, 323. 
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GENERAL AND PHYSICAL CHEMISTRY. 15 

best be compared on the basis of measurements of the velocity of 
coagulation. 

Reversed Adsorption. 

A phefnomenon described as reversed adsorption has been recently 
studied in some detail.50 If certain dyes, f o r  example, new magenta, 
are added to colloidal solutions of mercuric sulphide or  sulphur, the 
dye is adsorbed by the colloid and coagulation takes place. Subse- 
quently the dy? is libferated, and this reversal of the adsorption 
is attributed to the gradual crystallisation of the' amorphous coagu- 
late. The phenomena associated with this process are in many 
ways similar to those which have been observed in the study of 
adsorption and coagulation. Both processes are autocatalytic and 
greatly accelerated by rise of temperature; the velocity of both 
increases very rapidly with the quantity of thel adsorbed substance, 
and in both cases retardation is produced by the addition of 
protective colloids. 

Configurntion of Jf olecztles. 

Evidence afforded by the properties of crystalline liquid solutions 
would seem t o  point t o  the possibility of determining and compar- 
ing the geometrical configuration of different molecules.51 The very 
pronounce'd optical anisotropy shown by crystalline liquids in a 
magnetic field is re'flected in certain properties of the solutions, 
such as the elect'rical conductivit'y and the rate of diffusion of the 
dissolved substances. If the anisotropy is measured by the ratio 
of the conductivities or  velocities of diffusion in directions respec- 
tively parallel to  and a t  right angles t o  the direction of the 
magnetic field and it is assumed that. the molecules of the solute 
consist of rotation ellipsoids, the ratio of the axes of the molecules 
may be calculated. Experiments made with pazoxyphenetole as 
solvent gave f o r  the conductivity ratio K ~ / K ~ ~ ,  a mean value of 
1.284 f o r  diatomic molecules, such as hydrogen chloride, a mean of 
1-44 for various hydroxy-derivatives of benzene, and of 1.59 for  a 
number of naphthol derivatives. It' is calculated that  the axial 
ratio of the beazene molecules is 1.63 and that  of the naphthalene 
molecules 2.93. If the minor axes are of the same length it  can 
be shown that  the relative lengths of the major axes should be as 
1 : 1-79, which agrees with the ratio 1.63 : 2.93. 

5O €1. Freundlich and H. Schucht, Zeitsch. physikal .  Chen., 1913, 85, 660; 
A . ,  1914, ii, 39; H. Freundlich and E. Hase, ibid., 1915, 89, 417; A. ,  ii, 317. 

T. Svedberg, Arkiv Kern. Min. Geol., 1913, 4, Nr. 39; A. ,  1914, ii, 9 7 ;  
ibid., 1914,5, Nr. 11;  A. ,  ii, 628. Jahrb. Radioaktiv. Elektronik, 1915,12, 120 ; 
&4., i i ,  508. 
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16 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

The Hydrate  Problem. 

I n  recent years the problem of ionic hydration has received 
much attention. If the motion of the ions in an electric field is 
accompanied by the transference of water from one electrode to 
the other, i t  follows that  thel relative mobilities of the ions calcu- 
lated from the observed changes of concentration at  anode or 
cathode cannot represent the true values. 

A new method52 of calculating the relative size of the water 
envelope has been suggested, which depends on the assumption that 
the motion of the ions conforms to the requirements of Stokes's 
formula. The radius R of any ion is thereby obtained in terms of 
the radius of the hydrogen ion which is supposed t o  have no water 
envelope. If r is the radius of the ion according t o  atomic volume 
data, then Id --r is found t o  be approximately equal t o  the diameter 
of a molecule of water. I n  other words, if  rw is the radius of a 
water molecule, then for a large number of univalent ions 
rZ - r/Zrw is approximately equal t o  unity. The interpretation 
given t o  this result is that  these ions are surrounded by a single 
layer of closely packed water molecules. Bivalent ions and some 
univalent ions give values for  R - r /2rw greater than unity, indi- 
cating a greater degree of hydration than that  represented by a 
single layer of close-packed water molecules. The number of water 
molecules thus found t o  be associated with various univalent ions 
is given in the following summary: H' 0, Cs' 13, Rb' 14, K' 16, 
NH,' 17, Na' <66, Li' (120, T1' 16, Ag' 29, C1' 16, Br' 15, I' 15, 
C10,' 26, C10,' 17, NO,' 19, CNS' 25. 

The same author has also developed a new experimental method 53 
f o r  the, determination of the ionic transport of water, which 
depends on the direct measurement of the changes in volume of the 
anode and cathode solutions. To this end, the middle portion of 
the solutions is made stationary by gelatinisation, and changes in 
volume are read off on capillary tubes which communicate directly 
with the anode and cathode chambers. A correction is applied 
far the effect of electro-endosmose, which is assumed to be indepen- 
dent of the concentration of the salt solution. The relative 
hydration numbers calculated from the changes in volume are 
found to be in close agreement with those obtained by Washburn,54 
who employed an entirely different method, involving the use of a 
non-transportable reference substance f o r  the measurement of the 
ionic transfer of water. This is seen from the following table, in 

52 H. Remy, Zeitsch. physikal C'lzern., 1915, 89, 467; A . ,  i i ,  310. 
53 H. Remy, ib id . ,  529; A . ,  ii, 310. 
54 Technology Quart., 1908, 211, 386;  A.,  1908, ii, 1009. 
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GENERAL AND PHYSICAL CHEMISTRY. 1 7  

which the two values recorded under each ion are based on the 
assumption that  the water envelope of the chlorine ion contains 
6 or 10 water molecules respectively : 

Remy ...... 6(10) 5.0(9.2) 7-4(11.6) 11.9(18.4) 16-3(27.1) 2-3(17-0) 9-4(28.1) 
Washburn.. 6(10) - 7*4( 11.5) 11*6( 18.0) 18*5(27.6) - - 

According to  experiment6 55 with msium chloride by the reference 
substance method, the Cs' ion is the least hydrated of the alkali 
metal ions. 

I n  the investigation of the hydration of non-electrolytes electri- 
cal methods are inapplicable, but other observations, such as the 
influence of dissolved substances on the solvent power of water, 
are frequently considered to afford evidence of hydration and t o  
provide a basis for its evaluation. This method has been applied 
in connexion with some recent determinations 56 of the change in 
the ratio of distribution of cer.tain relatively inert substances, 
namely, ethyl acetate, phenol, and acetone between benzene (or 
petroleum) and water, which is brought about by the presence of 
sucrose o r  the alkali chlorides in the aqueous layer. I n  all cases 
the relative lowering of the solvent power per gram molecule of 
solute increases with diminution in the concentration of the sucrose 
o r  alkali salt. The value of this factor is not quite independent 
of the nature' of the1 reference substance, as i t  ought to be accord- 
ing to the underlying theory, but  this may probably be explained 
by the fact that  the reference substances used are not chemically 
inert. The results f o r  sucrose show an increase in the molecular 
hydration from 6.5 to! 11 with increasing dilution. For sodium 
chloride the hydration changes from 9.5 in 4 N -  to  17.8 in 
0~5,T-solution. Tlie corresponding numbers f o r  potassium chloride 
are 8.6 and 16-4. F o r  most dissolved substances the values of the 
equivalent relative lowering are greater than those obtained by 
previous authors from observations on the influence of dissolved 
salts on the solubility of gases in water. This suggests56a that the 
specific chkracter of the reference substance has less influence on 
the results than is the case in much of the previous work on 
the subject. 

Cl'. Br'. K'. Na'. Li'. Ba". Ca". 

Transport Numbers and Potent ial  Differences in Noit-aqueous 
Media. 

Transport measurements have shown that, for most ions, the rela- 
The 

5 5  E. W. Washburn and E. B. Millard, J. Anier. Chem. SOC., 1915, 37, 694; 

5 6  J. C. Philip and A. Bramley, T., 1915,107, 377; A. ,  ii, 236. 
56a J. C. Philip and A. Bramley, ibid., 1831. 

tive mobilities are the same in ethyl alcohol as in water. 

A . ,  ii, 311. 
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18 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

hydrogen ion is, however, exceptional, in that  transport data for 
alcoholic solutions of hydrogen chloride give 0*69/0*31= 2.2 for 
the ratio of the mobilities of the hydrogen and chlorine ions, 
whereas the data for  aqueous solutions give 0?34/0*16 =5*2. These 
numbers suggest that, in general, the ions have approximately the 
same affinity f o r  alcohol as for water, but that  the hydrogen ion 
has a considerably greater affinity for  the former solvent.57 

Measurements by the capillary electrometer method of the 
absolute potentials of mercury in contact with saturated aqueous 
and etihyl-alcoholic solutions of sodium chloride have shown that  
the values are identical (0.483 volt a t  25O).58 From the fact that  
the relative ionic mobilitia are the same in the two solvents 
Lapworth infers that  the ab\solute potential of mercury in a satur- 
ated solution of a salt in any solvent will be independent of the 
nature of t h e  solvent provided that  the cations and anions have 
the same affinity for the solvent. When the relative mobilities of 
cation and anion are different in two solvents, changes in the 
values of the single pot'ential differences may be anticipated, and 
in agreement with this it is found that  the potential of the 
hydrogen electrode falls from 0.299V in an alcoholic solution of 
0-1N-hydrogen chloride t o  0-186V in a corresponding aqueous 
solution. 

Catalysis. 

Recent work on acid catalysis has brought further evidence in 
support of the view that  thp, catalytic effect represents the result 
of two simultaneous changes in which the active agents are the 
hydrogen ion and the non-ionised acid respectively. 

Earlier observations on acid catalysed reactions in ethyl- and 
methyl-alcoholic solution were shown by Snethlage t o  adhi t  of a 
satisfactory explanation on the basis of this theory. That the 
dual theory is applicable to  reactions in aqueous solution has 
been confirmed in a remarkable way by experiments59 on the 
catalytic influence of acids on the rate of isomeric change of 
acetone. For  a series of five acids, covering a very considerable 
range of activity, the observed velocities of reaction are repre  
sented very satisfactorily by the equation w = khch + km . cm, in 
which k h  and k ,  are coefficients representing the activity of the 
hydrogen ion and the non-ionised acid and ch and Cm are the 
respective concentrations of these in the solution. The kh values 
derived from the experiments with the five, different acids, are 
identical within the limits of experimental error, whereas i i m  

57 A. Lapworth, T., 1915,107, 857; &4., ii, 546. 
58 E. Newbery, T., 1915,107, 852, 1520 ; A., ii, 509, 816. 
59 H. M. Dawson and F. Powis, T., 1913, 103,:2135. 
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decreases rapidly with the strength of the acid, as shown by the 
following values of the activity ratio km/ kh : hydrochloric, 1.77 ; 
dichloroacetic, 0.50 ; a&dibromopropionic, 0*15,2 ; monochloro- 
acetic, 0.055 ; acetic, 0.0034. 

Further support for the dual theory is afforded by new experi- 
ments60 on the rate of hydrolysis of ethyl acetate in presence of 
various acids. The k,/kh values again show a rapid decrease with 
the acidity, the numbers obtained being : &naphthalene- 
sulphonic, 0.98 ; trichlorobutyric, 0.55 ; hypophosphorous, 0.01 ; 
and cyanoacetic acid, 0.003. 
to have but little influence on the value of the activity ratio. 

An empirical attempt 62 to correlate the activity ratio and the 
ionisation constant of the acid shows that the former is approxi- 
mately proportional to the square root of the latter. On the 
other hand, if  it is assumed that  the action of tbe catalyst 
involves the formation of complexes between the acid and one or 
other of the reacting substances, then, according to Lapworth,63 
the ratio k,/kh is equal to K ,  x k,/k,K,, where R, is the ionisa- 
tion constant of the acid, K ,  that  of the salt-like complex of the 
acid with the reactive component, and k ,  and k,  are the velocity 
coefficients for the reactions in which the non-ionised complex and 
the complex hyclrion respectively are concerned. According to 
this view, t'he activity ratio is not independent of the reaction by 
which the acidity is measured. 

The success attending the dual theory in its application to recent 
work on acid catalysis is somewhat remarkable in view of the 
results which were obtained by Arrhenius64 in his well-known 
experiments on the inversion of sucrose under the catalytic influ- 
ence of weak acids in presence of the corresponding salts. The 
changes in velocity produced by the addition of sodium acetate or 
formate to solutions of the corresponding acids were such as to 
furnish most convincing evidence in favour of the view that, apart 
from a small neutral salt action, the catalytic activity of an acid 
is determined by the concentration of the hydrogen ion in the 
acid solution. The simple hydrogen ion theory of acid catalysis 
rests very largely on the evidence afforded by these measurements. 

If by the addition of gradually increasing quantities of a neutral 
salt to a given solution of a moderately weak acid, the hydrogen 

Variation of temperature is said 

60  Miss E. Ramstedt, Medd. K. Vetensk. Nobelinstitut, 1915, 3, [7], 1-33 ; 

61 H. S. Taylor, J .  Amer. Chem. Xoc., 1915, 37, 551; A., ii, 248. 
F2 H. S. Taylor, Zeitsch. Elektrochem., 1914, 20, 201; A., 1914, ii, 353. 
63 A. Lapworth, T., 1915, 107, 857; A.,  ii, 546. 
64 Zeitsch. physikal. Chcm.,  1890, 5, 1. 

A. ,  ii, 541. 
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ion concentration is reduced t o  a negligibly small value, then, 
according to  the dual theory, the velocity of the catalysed reaction 
should not approximate to  zero, but  t o  a lower limiting value 
corresponding with the activity of the acid in the non-ionised con- 
dition. This limiting velocity can be calculated if the activity 
ratio k,/kh is known. 

The application of the dual theory in these circumstances has 
been submitted to investigation by experiments on the isomeric 
change of acetone with monochloroacetic acid as catalyst. Fo r  a 
fixed concentration of acid and gradually increasing quantities of 
the sodium salt, the velocity was found to approximate to a lower 
limiting value as required by the dual theory, and in all cases the 
observed velocities agreed with those calculated from the equation 
f o r  the dual action, when in this equation the values used for  kh 
and km were those derived from experiments with the pure acid. 
It is evident that  there is a great discrepancy between these results 
and those obtained by Arrhenius. To what extent the divergence 
is attributable to  the difference in the nature of the reaction can 
only be determined by further investigation. 

According to measurements of the rate of decomposition of 
nitro~otriacetonamine,6~~ under the influence of alkali hydroxides, 
there is no evidence of any catalytic action of the non-ionised base. 
Any such action is entirely masked by other effects. 

The idea that  molecules become reactive only when the energy 
content attains a certain critical value (see p. 11) has been 
applied66 in an ingenious manner t o  account for the phenomena 
of catalysis. There is undoubtedly a certain similarity between 
the effects produced by rise of temperature and by the addition 
of catalysts. It is suggested that  catalysis is essentially a radia- 
tion phenomenon, and that infra-red radiation is emitted by the 
catalyst and absorbed by the molecules of one of the reacting sub- 
stances. I n  consequence of this absorption of energy, the internal 
potential energy of a relatively small number of molecules will be 
raised to the critical value. The rate.at  which this transforma- 
tion is brought about will be more or less proportional t o  the con- 
centration of the catalyst. On the assumption that  the active 
agent in acid catalysed reactions occurring in aqueous solutions is 
the hydrogen ion, it is calculated that  the wavelength of the 
radiation emitted will lie between 1 p and 10 p. Many substances, 
including water, show marked absorption in this region, and if 

G 5  H. M. Dawson and C. K. Reiman, T., 1915,107, 1426; A . ,  ii, 830. 
65a F. E. Francis, F. H. Geake, and J. U’. Roche, ibid., 1651. 
66 A. Lamble and W. C. M. Lewis, ibid., 1914, 105,2330; 1915, 107, 233 ; 

A.,  ii, 160.. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Pi
tts

bu
rg

h 
on

 2
2/

10
/2

01
4 

01
:5

4:
56

. 
View Article Online

http://dx.doi.org/10.1039/ar9151200001


GENERAL AND PHYSICAL CHEMISTRY. 21 

the energy absorbed gives rise t o  active water molecules, the theory 
may possibly be applied generally t o  acid catalysed reactions in 
aqueous solution. 

Whatever the outcome of the hypothesis, i t  would seem necessary 
to abandon the idea of a mass-action equilibrium between active 
and inactive molecules, if tempelrature and catalytic effects are t o  
be explained on a common basis. 

A recent review of the phenomena of acid catalysis in particular 
and of the beliaviour of electrolytes in general has led to the 
opinion that. bhese are incompatible with the Arrhenius theory of 
ionisation. An alternative theory is put forward,g7 according to 
which the molecules of dissolved electrolytes are all undissociated, 
but a distinction is drawn between ‘‘ active” and relatively inactive 
or “ pre-active ” molecules. A state of equilibrium exists between 
the two types of molecules. Solutions of salts, strong acids, and 
bases cont,ain only active molecules, whereas solutions of weak acids 
and bases contain both kinds, the proportion of active molecules 
increasing with the dilution of the solution in accordance with 
the ordinary dilution law. The ratio h / A ,  has no simple signifi- 
cance, in that h represents the conductance due partly to “active” 
and partly to (‘ pre-active ” molecules, and A, the conductance 
of the molecules when all are in the “active” condition. It is 
claimed that  the chemical, electrical, optical, thermal, and other 
properties of solutions of electrolytes can be interpreted in terms 
of this hypothesis. The claim is by no means substantiated by the 
evidence, and, in particular, the obvious difficulty presented by the 
dilution law is entirely unexplained. The validity of this relatioil 
for weak electrolytes is apparently irreconcilable with the assump- 
tion that each ‘( active ” molecule is formed from a single “ pre- 
active ” molecule. 

The Valency Volume Theory. 

The apparent success attained by the theory of Barlow and 
Pope in the correlation of crystalline form and chemical structure 
has undoubtedly provided much support for the view that valency 
is merely the expression of a simple geometrical property of close- 
packed assemblages of spheres. I n  the writer’s experience, the 
fundamental ideas underlying the theory are not generally appre- 
ciated, and attention may accordingly be directed to a valuable 
paper by Barker,68 in which these conceptions and the methods 

O7 H. C .  S. Snethlage, Zeitsch. physiknl. Chem., 1915, 80, 1 ,  139; A., 

6 *  T. V. Barker, T., 1915, 107, 744; A., ii, 546. 
ii,  615, 825. 
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employed in the crystallographic applications of the theory are 
subjected to a searching criticism. 

It is pointed out that  strict adherence t o  the view that crystal 
edifices necessarily correspond with close-packed sphere assemblages 
involves an arbitrary selection from various possible structures. 
As yet, no proof has been given that close-packed assemblages are 
relatively stable as compared with other assemblages, and the con- 
siderations advanced by Pope and Barlow merely indicate a prefer- 
ence for a particular principle, for which they offex no justification. 

An analysis of the methods which have been employed by the 
adherents of the theory in subjecting it t o  the test of experiment 
by reference fro crystallographic data, shows that not only is the 
ambiguity which necessarily attaches to  the choice of axial ratios 
made use of with the utmost freedom, but  that  where the desired 
correspondence between theory and observation is not immediately 
obvious, there is no hesitation in modifying arbitrarily the axial 
ratios by taking €ractions or  multiples of the axial lengths on the 
basis of an ad ILOC process of trial. At least 90 per cent. of the 
available material is affected by this process. The vast possibilities 
of such arithmetical treatment are shown by calculation of the 
number of sets of axial ratios which are available f o r  comparison 
with a. “standard ” set when these fractions and multiples are 
limited to those sanctioned by the usage of the Barlow-Pope school. 
I n  the rhombic system the number of possible variants is 2166, 
in the monoclinic 722, whilst in a comparison of rhombic with 
monoclinic substances the latitude is represented by 2166. Actual 
experience has shown that this number of variants affords, as a 
rule, several different ways of reproducing the numerical resem- 
blances within the iimits of &4 per cent., which may be regarded 
as the latitude allowed by most crystallographers. By reference 
t o  concrete examples it is shown that any desired numerical coinci- 
dence can be proved by exist for  any given substance if  the methods 
of Baslow and Pope are followed. 

I n  the course of a critical discussion of the methods which 
may be legitimately employed in correlating geometrical form and 
crystal structure the Bravais principle69 is again advocated as a 
means of dekrmiaing the characteristics of the spacelattim 
system. For the identification of corresponding directions in the 
crystal, geometrical methods are inapplicable, and recourse must 
be had to such evidence as is afforded by cleavage directions and 
by the investigation of the effect of a crystal on the orientation 
of crystals of another substance which is deposited on its surface 
from solution. 

68 Compare Ann. Report, 1913, 245. 
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As already mentioned, 90 per cent. of the material advanced 
in support of the valency volume theory is considered irrelevant, 
and in the residue there are only some five substances in which the 
geometrical evide’nce is treated in accordance with objective 
methods of criticism. The analysis of the available material thus 
leads to the concIusion that  the valency volume theory has so far 
received no general crystallographic support. 

Electric Discharge through Hydrogen. 

I n  two of last year’s Reports considerable space was devoted to 
a review of experiments in which the effect of the passage of an 
electric discharge through pure hydrogen had been examined. The 
writer of the Report on Inorganic Chemistry70 considered that a 
good case had been made out foY the production of helium and 
neon under the influence of the discharge, and drew the conclusion 
that the experiments of Collie and Patterson afford evidence of 
atomic transformation. On the other hand, in the Report on 
Radioactivity71 the opinion was expressed that the balance of 
evidence appears to be against the theory that  the inert gases are 
transmutational products, and that  it is not yet proved that  the 
positive results have any real significance. I n  the circumstances 
no apology is required for the inclusion in this section of a brief 
reference to the furhher woerk on the subject. 

The results of this further investigation 72 are in complete agree- 
ment with those obtained by R. J. Strutt73 and T. R. Merton,7* in 
that  they afford no evidence of the formation of inert elements 
by the passage of €he discharge through pure hydrogen. I n  these 
experiments the author has had the advantage of the experience 
of the earlier observers, not only in the design of the apparatus 
and in the methods employed for the detection of traces of the 
inert gases, but also in connexion with the possible influence of the 
type of discharge. Baly has suggested that success in these experi- 
nients may only be attainable if the discharge is “ in  tune” with 
the apparatus. It is therefore important to note-that very special 
attention mas paid by the abthor to variations in the conditions 
of discharge. 

As the result of numerous experiments in which electric discharge 
was passed with three coils of different size, three different types 
of interrupter, through tubes of various shapee and sizes with 
palladium, platinum, and aluminium electrodes of varying size 

70 Ann. Report, 1914, 41. 71 Ibid., 289. 
72 A. C. G. Egerton, Proc. Roy.  SOC., 1915, [ A ] ,  91, 180; A , ,  ii, 132. 
i3  Proc. Roy. SOC., 1914, [A] ,  89, 499; A., 1914, ii, 201. 
74 Ibid., 90, 549; A,, 1914, ii, 726. 
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and shape, the analysis of the residual gas being carried out in 
various ways, i t  has been found that no change takes place in the 
gas as the result of electrical discharge. Contrary to the experi- 
ence of Collie and Patterson, no helium or neon was found. 

I n  face of all the available experimental evidence there appear 
to be no adequate grounds to warrant ths  interpretation of the 
results obtained by Collie and Patterson in favour of the theory 
of transmutation. Theoretical reasoning also leads to this conclu- 
sion, for Egerton has shown that if the maximum rate of formation 
is calculated on the assumption that the helium is produced (1) by 
a collision of four hydrogen atoms, (2) by the action of an electron 
on two collidiiig hydrogen molecules, values are obtained which are 
incomparably smaller than the rates obeerved by Collie and 
Patterson. 

I f ,  in spite of all the negative evidence, we admit the possi- 
bility that  these authors' observations are of seal significance, it 
does not seem unreasonable to ask that the reality should be 
substantiated by an explanation of the negative results generally 
obtained and by the formulation of the precise conditions under 
which positive results may be anticipated. 

PJhotochernical Reactions.  

The relation between the velocity of photochemical change, the 
incident and absorbed radiation, and its frequency forms the 
subject of a, most interesting paper,75 which might not inappro- 
priately be described as furnishing a model f o r  further work on 
photochemical change. The actual reactions investigated were the 
hydrolytic changes occurring in aqueous solutions of the chloso- 
platinic acids, which on exposure to ultraviolet light decompose in 
accordance with the general equation : 

Z€I,PtCl,(OH), - + (212 - 1)HzO = 
(272  - l)HCl+ H,PtCl(OH),*H,Pt(OH),. 

For light of given frequency the velocity is proportional to the 
quantity absorbed. It increases with .the frequency of the incident 
radiation according to an exponential formula, and, contrary to 
what. has been observed for many photochemical changes, it 
increases considerably with rise of temperature. The chief results 
are suinmarised by the equation: 

in which 4 and a are constants which depend on the photochemical 
sensitiveness, llic is the molecular weight of the active substance, 
and x the molecular absorption. By means of these constants the 

2, = +MPl,,C( 1 - e - q  ' X  

75 M. Boll, Ann. Physique, 1914, [ix], 2, 5 ,  226; A.,  ii, 123. 
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velocity v is represented as a function of the concentration c, the 
thickness of the absorbing layer I ,  the intensity I, ,  and the 
frequency v of the incident radiation. 

Apropos of an elaborate investigation of the action of ultra- 
violet light on water and dilute solutions of hydrogen peroxide, 
Tian 76 considers that  the proportionality between the velocity of 
a photochemical reaction and the quantity of energy absorbed is 
only to be expected when the photochemical activity and the 
absorption of the active radiation vary with the concentration 
according to the same law. I n  the case of a unimolecular reaction, 
this condition is satisfied if absorption occurs in accordance with 
Beer’s law. This does not seem t80 fit in with the observations on 
the decomposition of the chloroplatinic acids, for  whilst Beer’s law 
regulates the absorption, the reaction is bimolecular, and yet the 
results show that the velocity is proportional to the absorbed mono- 
c 11 r om a t i c radiation. 

A year or two ago a general theory of photochemical change was 
developed77 in which i t  was assumed that the first effect of the 
absorption of radiant energy is the production of free electrons 
and positively chargerd residues. Each molecule ionised in this 
way absorbs one quantum of energy o r  a small integral number of 
quanta. The photoelectric charge is then followed either by the 
interaction of the positive ions with unchanged molecules (primary 
light reactions) o r  by combination of the free electrons with neutral 
molecules, whereby these are rendered chemically active (secondary 
light reactions). 

This theory has been tested by experiments in which solutions 
of the chloroplatinic acids (see above) were subjected t o  the action 
of ionising agents with the object of increasing the concentration 
of the ions and electrons. No appreciable change was, however, 
produced in the velocity of the photochemical reaction. Further- 
more, the experiments with tetrachloroplatinic acid show that  the 
ratio E/ Jw, where E is the number of energy quanta, absorbed in the 
decomposition of one molecule, v the frequency of the incident 
rays, and k is Planck’s constant, increases continuously from 0.2 
for  light of wave-length A 2378 t o  250 f o r  A 5460. 

Whatever significance is tlo be attached t o  Boden~t~ein’s theory 
and classification, it is evidently not applicable to the reactions 
investigated by Boll. A t  the same time, it must be admitted that 
the observed relations cannot legitimately be used as an argument 
against the law of photochemical equivalence, for  the conditions 

76 A. Tinti, “ Thesis ”; A . ,  ii, 828. 
77 M. Rodenstein, Rer. Deut. plzysikal. Ges., 1913, 15, 690; A . ,  1913, ii, 

819. 
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stipulated in the derivation of this law are not fulfilled by the 
reactions in question. 

I n  view of the extensive use of the Uviol-glass mercury arc lamp, 
attention may be directed to some recent measurements78 of the 
distribution of the energy in the radiation from this source of 
light. The intensity of the ultraviolet, green, and yellow light 
relative to the blue is found to be much weaker for  the Uviol than 
for the quartz mercury lamp. Application of the distribution data 
to  observations on the oxidation of quinine by chromic acid 79 shows 
that illumination with light of different frequencies gives rise to 
velocities which are approximately in the ratio of the several 
intensities. I n  agreement with the conclusion deduced by Bruner,80 
the frequency of the existing radiation appears to have no appre- 
ciable influence on the velocity of the reaction, which is determined 
solely by the total quantity of energy absorbed. This conclusion is 
supported by earlier observations on the bleaching of organic 
dyes.81 It is, however, quite inconsistent wit'h the relations 
exhibited by the hydrolysis of the chloroplatinic acids, and the 
discrepancy points to a fundamental difference in the character of 
the photochemical reactions in question. 

I f  we admit thO assumption that  the primary change in a photo- 
chemical reaction is a photoelectric effect *2 resulting in the ionisa- 
tion and activation of the reacting components, the course of the 
reaction will obviously be dependent on the relative velocities of 
the photoelectric and chemical changes and on the reversibility or 
non-reversibility of the primary reaction. 

H. M. DAWSON. 
78 A. J. Allmand, T., 1915, 107, 682; A. ,  ii, 400. 
79  R. Luther and G. S. Forbes, J. Amer. Chem. SOC.,  1909,31, 770; A. ,  1900, 

80 Zeitsch. Elektrochem., 1913, 19 555; A.,  1013, ii, 745. 
81 P. P. Lazareff, Ann. Physilc, 1907, [iv], 24, 681 ; A . ,  1908, ii, 4. 
S2 Compare G. S. Landsberg, J. Russ. PJzys. Chem. SOC., 1915, 47, 908; 

ii, 632. 9 

A., ii, 718; A. V. Nazarov, i b id . ,  1915,47, 943; A. ,  ii, 754. 
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